Introduction
The posttranscriptional regulation of gene expression via microRNA (miRNA)-mediated RNA interference (RNAi) was first identified in Caenorhabditis elegans in 1998 [1] (Box 1 summarizes the pathway of miRNA mediated interference). Since this initial observation, >700 miRNAs (miRNA registry at www.sanger.ac.uk/Software/Rfam/ mirna/) have been identified in mammalian cells and have been shown to be involved in a range of physiological responses, including development, differentiation and homeostasis [2, 3] . Interestingly, it is now clear that miRNAs regulate many aspects of the immune response. This has emerged from studies that revealed selective expression of miR-181a in the thymus and miR-223 in the bone marrow and indicated their involvement in the differentiation of pluripotent hematopoietic stem cells (HSCs) into the various blood cells lineages including B and T cells [4] [5] [6] [7] . Subsequent reports have identified functions for individual miRNAs such as miR-150, miR-181a and miR-1792 during T-and B-cell differentiation [4, 8] , whereas miR-1792 and miR-223 are implicated in myeloid production [9] [10] [11] [12] . Experimentation has also revealed roles for miRNAs during the activation of the innate and acquired immune response. Thus, miR-146, miR-155 and miR-223 are thought to regulate the acute inflammatory response after the recognition of pathogens by the Toll-like receptors (TLR) [13] [14] [15] [16] , whereas miR-155 and miR-181a are implicated in B-and T-cell responses [8, [13] [14] [15] . Although not reviewed in this article (for review, see Refs. [17, 18] ), miRNAs have also been shown to have a direct antiviral action by targeting crucial proteins and pathways used by hepatitis C virus [19, 20] , primate foamy virus type 1 [21] and vesicular stomatitis virus [22] (Table 1) .
In the following sections, we will review the role of miRNAs during the development and differentiation of immune cells and in the regulation of the innate and acquired immune response (for additional reviews, see Refs. [23] [24] [25] [26] ). Although expression profiling has indicated a role for a host of miRNAs (Table 1) , we shall focus on those for which we have functional and mechanistic information that is predominantly derived from studies using transgenic or knockout mouse models. With regard to the evaluation of mechanism, it must be emphasized that the difficulty in predicting the mRNA targets of individual miRNAs means that this process is often problematic. Thus, miRNAs are believed to either block mRNA translation or reduce mRNA stability after imperfect binding of the guide strand to miRNA-recognition elements (MREs) within the 3 0 untranslated region (UTR) of target genes. Originally, it was believed that the specificity of this response was mediated by the 'seed' region, which is localized at residues 2-8 at the 5 0 end of the miRNA guide strand (see Box 1) . However, it now seems that this was an oversimplification and that miRNA targeting is influenced by additional factors such as the presence and cooperation between multiple MREs [27, 28] , the spacing between MREs [28, 29] , proximity to the stop codon [28] , position within the 3 0 UTR [28] , AU composition [28] and target mRNA secondary structure [30] . This problem is compounded by the usual problems associated with the determination of the role of a gene, in this case miRNAs, through overexpression or inhibition. This is particularly the case when undertaking overexpression studies in either cells or transgenic mice, because nonphysiological levels of miRNAs expression are likely to lead to downregulation of incorrect targets.
miRNA-16: constitutive modulation of inflammation
Expression profiling has shown that miRNA-16 is found at high levels in most cells and tissues including those involved in inflammation such as monocytes, neutrophils, B cells and both CD4 + and CD8 + T cells [31] . This ubiquitous expression suggests that miR-16 might have a generic function, possibly in preventing cell cycle progression [32] . Interestingly, a publication by Jing et al. [33] has shown that miR-16 is required for the rapid degradation of proteins that contain AU-rich elements (AREs) in their 3 0 untranslated region, which includes most inflammatory mediators [33] . This process requires the miRNA processing components Dicer, Ago/eiF2C family members and the ARE binding protein, tristetraprolin and involves binding between the UAAAUAUU sequence in miR-16 and AU-rich sequences in cytokines and chemokines such as tumor necrosis factor a (TNFa), interleukin-8 (IL-8) and IL-6 [33] . Because there are no reports that miR-16 expression is changed in response to immune modulators, in addition to a potential role in cell cycle progression, one could speculate that the high miR-16 levels in inflammatory cells might also restrict the production of inflammatory mediators under nonstimulated conditions and/or that miR-16 binding might cooperate with other miRNA to regulate immunity. miR-1792 cluster: a ubiquitious regulator of B-cell, T-cell and monocyte development The miR-1792 cluster is located on chromosome 13 and is composed of six miRNAs (miR-17, miR-18a, miR-19a, miR20a, miR-19b-1 and miR-92-1). Interestingly, a process of duplication and deletion in early vertebrate evolution has resulted in the production of two additional paralog clusters, miR-106a363 (miR-106a, miR-18b, miR-20b, miR-19b-2, miR-92-2 and miR-363) and miR-106b25 (miR-106b, miR-93 and miR-25), which are located on chromosome X and chromosome 6, respectively.
Previous studies indicated that miR-1792 might be involved in the regulation of B cells after reports showing that this cluster is located within a region of DNA that is amplified in B-cell lymphomas [34] and that overexpression of both miR-1792 and the transcription factor c-myc produced by B-cell lymphomas in mice [35] . Subsequent studies using miR-1792 and Dicer knockout mice have indicated that this cluster is required for the pro-B to pre-B-cell transition during B-cell development [36, 37] (Figure 1) . Indeed, expression of miR-1792 was shown to peak in pre-B-cells, where it inhibited cell death through the downregulation of the proapoptotic protein Bim [36] (Figure 2) . Significantly, miR-1792 knockout mice were nonviable at birth and demonstrated severely hypoplastic lungs and a ventricular septal defect in the heart [36] . For this reason, it was necessary to perform these studies using liver-derived B cells that were grafted into lethally irradiated mice. This contrasted with transgenic mice in which miR-17-92 was selectively induced in both T and B lymphocytes that were viable but that developed lymphoproliferative disease and autoimmunity, ultimately culminating in premature death [38] . As might be expected if miR-1792 positively regulated B-cell development, these animals were found to have increased numbers of activated B cells. However, the major expansion was in the number of activated CD4 + T cells and to a lesser extent, CD8 + T cells, which implied that miR-1792 also regulated T-cell development [38] . Importantly, as with the knockout studies, the increase in B-and T-cell population was shown to result from enhanced proliferation and survival after the downregulation of Bim and the tumour enhancer phosphatase and tensin homology (PTEN) [38] . This thereby facilitated the pro-to pre-transition of both B and T cells. In summary, the authors of this report speculated that the phenotypic changes after transgenic expression of miR-1792 resulted in breakdown in peripheral T-cell tolerance, expansion of the CD4 + T cells that activates B cells, leading to the development of autoimmunity.
In humans, investigations using cord blood CD34 + haematopoietic progenitor cells that had been induced to differentiate into monocytes after exposure to macrophage-colony stimulating factor (M-CSF) indicated that miR-17-5p, miR-20a and miR-106a expressions are involved in monocyte differentiation and maturation [12] ( Figure 1) . Examination of the mechanism showed that reduced miR-17-5p, miR-20a and miR-106a expression resulted in increased levels of their target protein, acute myeloid leukaemia-1 (AML-1). AML-1 is a DNA-binding subunit of the transcription factor core-binding factor (CBF), which has been shown to induce monocyte differentiation and maturation by increasing the expression of the receptor for M-CSF, as well as other cytokines such as IL-3 and granulocyte macrophage-colony stimulating factor (GM-CSF) [12] (Figure 2 ). Significantly, AML1 was also found to bind within the promoter region of miR-17-5p, miR-20a and miR-106a and inhibit their transcription. Thus, a reduction in miR-17-5p, miR-20a and miR-106a levels establishes a negative feedback loop involving increased AML1 and M-CSF receptor expression and the subsequent downregulation in miR-17-5p, miR-20a and miR-106a expression [12] (Figure 2 ).
miRNA-146a: negative regulator of the innate immune response
The miR-146 family is composed of two members, miR146a and miR-146b, that are located on chromosomes 5 and Box 1. Pathway of microRNA-mediated RNA interference microRNAs (miRNAs) are short double-stranded RNA molecules of 19-23 nucleotides in length. They are produced from full-length, RNA polymerase II transcripts called pri-miRNA after cleavage by two RNase III enzymes called Drosha [58, 59] and Dicer [60] , in association with a range of accessory proteins. Initial cleavage by Drosha within the nuclear compartment produces a hairpin RNA of 65 nucleotides known as pre-miRNAs. These pre-miRNAs are transported into the cytoplasm by exportin 5 [61] and further processed by Dicer [60] to produce the mature miRNAs, which are double-stranded RNA molecules with a length of 19-23 nucleotides. The actions of miRNAs are mediated by the miRNA-induced silencing complex (miRISC), which is composed of multiple proteins including a member of the double-stranded RNA binding protein argonaute family (Ago) [62, 63] . Using one strand of the miRNA, called the guide strand (the red strand in Figure I ), the miRISC is believed to either block mRNA translation, reduce mRNA stability or induce mRNA cleavage, after imperfect binding to miRNA recognition elements (MREs) within the 3 0 and 5 0 untranslated region (UTR) of target mRNA genes [64] [65] [66] . Significantly, this redundancy within the miRNA:mRNA binding region means that individual miRNAs are able to target multiple mRNA targets and has led to speculation that miRNAs might have a similar role to transcription factors [67, 68] . 10, respectively. Evidence that miR-146a and miR-146b might be involved in the innate immune response was first provided by Taganov et al. [14] , who showed increased expression in the human monocytic THP-1 cell line in response to lipopolysaccharide (LPS) [14] (Figure 2 ). Subsequent studies have shown that this is a general response in myeloid cells activated through TLR-2, -4 or -5 by bacterial and fungal components or after exposure to the proinflammatory cytokines, TNF-a or IL-1b [13] [14] [15] . By contrast, miR-146a expression is not increased after activation of the TLR-3, -7 or -9 in response to viral and bacterial nucleic acids ( Figure 2 ) [14] . Interestingly, this response does not seem to be restricted to inflammatory cells because we also observed increased miRNA-146a but not miRNA-146b expression in lung epithelial cells [16] and airway smooth muscle cells (H. Larner-Svensson et al., personal communication) after IL-1b stimulation. Inspection of the upstream promoter region of miRNA146a identified several potential transcription factor binding sites including interferon regulatory factor (IRF3), IRF7 and CCAAT enhancer-binding protein-b (C/EBPb), although it was shown that NF-kB is responsible for the LPS-induced response [14] . At the present time, the transcriptional regulators of miR-146b are unknown.
To determine the biological role of miRNA-146a and b, examination of the public databases predicted several potential targets for miR-146a and miR-146b including the IL-1 receptor associated kinase 1 (IRAK1) and TNF receptor-associated factor 6 (TRAF6). Significantly, IRAK1 and TRAF6 are known to be part of the common signalling pathway derived from TLR-2,-4 and -5 and the IL-1b receptor, which led to speculation that increased miRNA-146a Induced by IFNb and inhibits replication of hepatitis C virus [20] This table describes all the miRNAs that have been implicated in the immune response. It describes their function, transcription factors that are known to regulate their expression and potential targets, including viral targets. Abbreviations: AML, acute myeloid leukaemia; AP-1, activator protein; Bcl, B-cell lymphoma; Tcl, T-cell lymphoma; C/EBP, CCAAT-enhancer binding protein; DUSP, dual specificity phosphatase; IGFR, insulin-like growth factor receptor; IRAK, IL-1 receptor activated kinase; JNK, c-jun N-terminal kinase; Maf, musculoaponeurotic fibrosarcoma: Mef, myeloid ELF-1 like factor; miRNA, microRNA; NF, nuclear factor; PTEN, phosphatase and tensin homolog; PTP, protein tyrosine phosphatase; SHP, Src homology 2 domain-containing protein-tyrosine phosphatase; TLR, Toll-like receptor; TRAF, TNF receptor-associated factor. 7 or miR-146b expression might act in a negative feedback pathway. Indeed, this contention was supported by studies showing downregulation in the activity of a luciferase reporter fused to the 3 0 UTR of IRAK1 or TRAF6 and co-expressed with a miR-146a or miR-146b containing plasmid [14] . Increased miR-146a but not miR-146b expression, was recently confirmed in alveolar epithelial cells and shown to negatively regulate IL-1b-induced IL-8 and RANTES (regulated on activation, normal T-cell expressed and secreted) [16] . Interestingly, increased miRNA-146a expression was only seen at high IL-1b concentrations, which indicated that negative feedback is only activated during severe inflammation and that this might be crucial in preventing potentially dangerous inflammation from spiralling out of control. However, examination of the mechanism showed that this was not caused by downregulation of IRAK1 or TRAF6 but instead occurred at the translational level, through an as yet unidentified mechanism (Figure 2 ) [16] .
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miRNA-155: a regulator of T-and B-cell maturation and the innate immune response A single miR-155 transcript has been identified that is processed from within the second exon of the non-proteinencoding gene, bic. Interestingly, the observation that miR-155 is overexpressed in human B-cell lymphomas and studies showing that transgenic expression of miR-155 in mouse B cells produced malignancies have led to speculation that this miRNA is involved in B-cell differentiation and proliferation [39] [40] [41] [42] [43] .
A central role for miR-155 in the regulation of T-and Bcell responses during the acquired immune response has emerged from studies in knockout mice, because these were shown to be immunodeficient and failed to develop a protective response to bacteria after immunisation [44, 45] (Figure 1) . Interestingly, miR-155 knockout mice also undergo age-related lung airway remodelling, which is characterised by increased collagen deposition, smooth muscle mass and inflammatory cell infiltrate within the broncholaveolar lavage [44] . These phenotypic observations seem to be in part mediated through involvement of miR-155 in B-cell production of isotype-switched, highaffinity IgG1 antibodies and during the development of Bcell memory [45, 46] . The reduction in IgG1 antibodies was not the result of impaired somatic hypermutation and class switch recombination. Instead, the observed reduction in the size of the germinal centers suggested that reduced antibody production and B-cell memory was the result of a failure to select high affinity plasma B cells [45, 46] . Examination of the mechanism showed that miR-155 attenuated the expression of the transcription factor PU.1, which was shown to downregulate IgG1 levels [46] (Figure 2) .
As with B cells, it seems that miR-155 is involved in Tcell differentiation [44, 45] . Thus, naïve T cells derived from miR-155 knockout mice were shown to have an increased propensity to differentiate into Th2 rather than Th1 cells, with the concomitant production of Th2 cytokines such as IL-4, IL-5 and IL-10 [44, 45] . It has been speculated that this bias results from miR-155 targeting of c-Maf (musculoaponeurotic fibrosarcoma), a transcription factor that is known to be a potent transactivator of the IL-4 promoter, a key cytokine in the development of Th2 cells [44] . With regard to the acute immune response, the T lymphocytes had an impaired response and showed attenuated IL-2 and interferon g (IFNg) release in response to antigens [44, 45] (Figure 2) .
A link between miR-155 and the innate immune response was suggested from studies showing increased expression after LPS (via TLR-4) and lipoprotein (via TLR-2) stimulation in monocytes or macrophages and in the splenocytes of mice that had been inoculated with Salmonella enteritidis-derived LPS [13] [14] [15] (Figure 2 ). In contrast to miR-146a, increased miR-155 expression was also seen after activation of the innate response by viral-and bacterial-derived nucleotides including poly(I:C) (via TLR-3) and CpG (via TLR-9), although increased expression in response to IFNb and IFNg seemed to be secondary to the autocrine release of TNFa [13] . Tili et al. [15] showed that miR-155 expression oscillated after TNFa stimulation, with an initial drop at 30 min followed by an increase at 60 min [15] . This led them to speculate that miR-155 might exert both positive and negative actions on the expression of target proteins that included the NF-kB signalling proteins, IKKb and IKKe, as well as FADD (Fas-associated death domain) and Ripk1 (receptor interacting serine-threonine kinase 1) [15, 42] . In contrast to miR-146a, miRNA-155 seems to positively regulate the release of inflammatory mediators during the innate immune response because it was shown to increase TNF-a production in human embryonic kidney cells (HEK-293) cells by relieving the 3 0 UTRmediated posttranscriptional inhibition. This observation was supported by studies in Em-miR-155 transgenic mice that overexpress miR-155 in B cells, which demonstrate an elevated level of serum TNFa and increased susceptibility to septic shock [15] . Interestingly, a recent report has shown that LPS induced strong but transient miR-155 expression in mouse bone marrow cells and indicated that this is likely to drive granulocyte/monocyte expansion [47] . The possible involvement of miR-155 in the development of acute myeloid leukaemia (AML) was revealed from studies of the effect of long-term miR-155 overexpression. In these studies, viralmediated transfection of miR-155 into hematopoietic stem cells (HSCs) and engraftment into lethally irradiated mice produced some of the pathological features characteristic of myeloid neoplasia [47] . This led these authors to speculate that the well-established link between inflammation and cancer might involve chronic upregulation of miR-155, which could predispose these individuals to the development of myeloproliferative disorders.
The proinflammatory transcription factors, AP-1 and NF-kB, have both been reported to regulate miR-155 expression [13, 45, 48] . Thus, in macrophages, the action of TLR-3 and TNFa is mediated via AP-1 [13] , whereas the response to LPS is via NF-kB [19] . Similarly, BCR crosslinking in a human B-cell line was shown to induce miR-155 expression via activation of the extracellular-regulated kinase (ERK) and c-jun N-terminal kinase (JNK) pathway and the subsequent recruitment of FosB and JunB to AP-1 binding site [48] (Figure 2 ). miRNA-181a: regulation of B-cell differentiation and CD4 + T-cell selection, activation and sensitivity Early studies by Chen et al. [4] demonstrated that miR181a was selectively expressed in thymus-derived B cells and identified a positive role for miR-181a in B-cell differentiation after showing that ecotopic expression in mouse hematopoietic precursor cells led to an increased fraction of B cells [4] . Significantly, these overexpression studies also showed a reduction in CD8 + killer T cells, which suggested a potential role in the regulation in T-cell differentiation (Figure 1 ). However, despite subsequent studies that showed dramatic changes in miR-181a expression during the various stages of T-cell differentiation, these observations were often contradictory, and the role of miR-181a during T-cell development is still inconclusive [8, 49] .
In contrast to T-cell differentiation, miR-181a has been shown to positively regulate the T-cell receptor (TCR)-mediated response to antigen in CD4 + T cells. Thus, by measuring changes in the intracellular Ca 2+ transient and IL-2 release, these investigators showed that miR-181a overexpression amplifyied the strength and sensitivity of TCR-mediated activation [8] (Figure 2 ). In addition, these studies showed a qualitative change that permitted T cells to respond to antagonists as agonists and indicated that miR-181a, at least in part, regulated the positive and negative selection of T cells during thymic development [8] . Examination of the mechanism demonstrated that this did not result from changes in the expression of surface receptors but instead involved the coordinated downregulation of multiple phosphatases. These included the tyrosine phosphatases, Src homology 2 domain-containing protein-tyrosine phosphatase (SHP)-2 and protein tyrosine phosphatase (PTP)-N22 and the ERK-specific, dual specificity phosphatases (DUSP)-5 and -6, which are all known to negatively regulate the TCR signalling pathway. Specifically, it has been speculated that changes in miR-181a might act like a rheostat by regulating protein phosphorylation levels. In this model, increased miR-181a and reduced phosphatase levels would lead to increased basal phosphorylation of protein kinases such as Lck and ERK. Under these condition, T cells would exhibit increased TCR signalling and a reduced T-cell activation threshold [8] ( Figure 2 ). miRNA-223: a regulator of neutrophil proliferation and activation Expression profiling has shown that miR-223 expression is associated with myeloid cells in the bone marrow and that increased expression of miR-223 is involved in the differentiation of myeloid precursors into granulocytes such as neutrophils [4, 9, 11] (Figure 1) . Interestingly, recent observations in miR-223 knockout mice, which were shown to be viable and healthy, revealed increased numbers of granulocyte progenitors in the bone marrow and hypermature neutrophils in the circulation. This implied that miR-223 was involved in the negative regulation of maturation but not differentiation of granulocytes [11] . Mechanistic studies showed that the action of miR-223 is probably mediated through downregulation of either myeloid ELF-1-like factor (Mef)-2c, a transcription factor that promotes myeloid progenitor proliferation, or the insulin-like growth factor receptor (IGFR) [11] (Figure 2 ). Paradoxically, an earlier report by Fazi et al. [9] reported that miR-223 was a positive regulator of granulocyte differentiation. However, these studies were performed in a retinoic acid (RA)-treated acute promyelocytic leukemic cell line and the role of miR-223 might be dependent on the timing of miRNA overexpression or miRNA inhibition [9] . Functional studies in circulating neutrophils obtained from the knockout animals indicated that miR-223 was not involved in extravasagation, migration or phagocytosis of the bacterium Escherichia coli but that reduced miR-223 resulted in enhanced oxidative burst and killing of the fungi, Candida albicans (Figure 2 ). In addition, these animals spontaneously developed inflammatory lung pathology and exhibited exaggerated tissue destruction after
Trends in Immunology Vol. 29 No.7 endotoxin challenge. Of relevance to this observation, we have recently demonstrated a rapid and selective increase in miR-223 expression in lung and airway epithelia after exposure of mice to aerosolized endotoxin [10] . Thus, if miR-223 also acts as a negative modulator of the inflammatory response in these cell types, this might contribute to the lung pathologies observed in miR-223 knockout mice.
Multiple transcription factors have been implicated in regulating miR-223 expression during granulocyte differentiation and maturation. In the report showing positive regulation of RA-induced granulocyte differentiation by miR-223, Fazi et al. [9] showed that miR-223 expression was increased by C/EBP-a and attenuated by nuclear factor (NF)I-A. This investigation also showed that miR-223 targeted the downregulation of NFI-A, which would thereby established a negative feedback loop that promoted granulopoiesis [9] . A role of C/EBPa in regulating miR-223 expression was confirmed by Fukao et al. [50] , who also demonstrated increased miR-223 expression after activation of another myeloid specific transcription factor, PU.1 ( Figure 2 ).
Conclusion
Although investigators have only recently identified a role for miRNA-mediated RNA interference in the immune response, several interesting trends have emerged. The first indication that miRNAs, including miR-155, miR-181a and miR-223, might regulate the development of immune cells was their differential expression in the thymus and bone marrow and reports that changes in expression were associated with the development of various leukaemias [4, [39] [40] [41] [42] [43] 51] . Significantly, subsequent studies have confirmed that miR-155 [44, 45, 47] , miR-181a [4, 8, 49] and miR-223 [9, 11, 50] , as well as those miRNAs derived from the miR-1792 cluster [36] [37] [38] , are indeed involved in the development and differentiation of lymphoid and myeloid cells. In addition, mechanistic studies have suggested that this developmental process is crucially dependent upon interactions between miRNAs and transcription factors (Figure 2 ), which has also been observed during development of other tissues such as skeletal muscle and heart [52] [53] [54] [55] . Given that aberrant expression of miRNAs has been associated with development of leukaemias, how might this be linked to development of immune cells? Interestingly, increased expression of miR-155, miR-181a and miR-1792 has been shown to promote the survival and proliferation of both lymphoid and myeloid cells. Following this observation, Xiao et al. [38] speculated that somatic mutation and amplification of these miRNAs might result in a reduction in the activation threshold, increased proliferation and enhanced survival. In turn, this could lead to expansion of this cellular population and a higher probability of accumulating subsequent mutations that are required to produce the malignant transformation [38] .
At the present time, miRNAs seem to regulate the responses associated with acquired immunity, such as antibody production [45, 46] and inflammatory mediator release [44, 45] through their impact on the development and differentiation of immune cells. Thus, there are no reports that activation of TCR and BCR signalling influences T-and B-cell responses through changes in miRNA expression. This contrasts with activation of the innate immune response that has been shown to induce rapid changes in the levels of miR-146a [14, 16] and miR-155 expression [13] [14] [15] 47] . These miRNAs have been reported to regulate acute inflammatory responses such as the release of IL-8 and RANTES either through the targeting of proteins involved in the signalling pathway (IRAK1, TRAF6, IKKb, IKKe) or by modulating the translation of the inflammatory mediators themselves (i.e. TNFa, IL-8 and RANTES). At the present time, the mechanism by which miR-146a and miR-155 influence translation is unknown, although, like miR-16 [33] , these might regulate mRNA stability via AU-rich elements that are found in the 3 0 UTR of many inflammatory mediators [56] . Of relevance, a recent in silico survey of the interactions between miRNAs and immune genes unexpectedly found preferential targeting of proteins involved in the regulation of AU-rich elements and miRNA metabolism [57] . Furthermore, this report indicated that major targets of miRNAs are transcription factors, cofactors and chromatin modifiers rather than receptors, their ligands or inflammatory mediators [57] . Overall, there is now compelling evidence that miRNAs are involved in the regulation of the immune response, and modulation of their activity might ultimately provide a novel therapeutic approach in the treatment of inflammatory disease and certain leukaemias (Box 2).
To determine their biological function, it is possible to both inhibit and overexpress individual microRNAs (miRNAs). Inhibition is performed by using antisense sequences (called miRNA antagomirs) targeted to the miRNA guide strand that block the interaction with the miRNA recognition elements within the 3 0 untranslated region (UTR) of the target mRNA genes [4, 69] . To increase their binding affinity and stability in biological fluids, these antagomirs often contain 2'-O-methyl, phosphorothioate or locked nucleic acid substitutions [12, 54] . Significantly, two studies have successfully used chemically stabilized antagomirs to target miRNA-122a in the liver of mice after intravenous administration and shown that this regulates cholesterol metabolism [70, 71] . To overexpress miRNAs, investigators have transfected cells with chemically synthesized miRNAs (called miRNA mimics) or expressed pre-miRNA from plasmids and viral vectors [72] . Although it might be possible to extend the use of virally expressed miRNAs as a therapeutic approach, there have been no reports on the use of miRNA mimics in animals. Thus, although it has been possible to develop stabilized siRNA as potential therapeutic agents [73] [74] [75] [76] , miRNAs are known to contain noncomplementary bulge regions that makes them highly susceptible to RNase degradation in biological fluids. In addition to stability, the major hurdle to the development of miRNA antagomirs and miRNA mimics is the delivery of these large, negatively charged oligonucleotides into relevant cells and tissues [73] . Until this can be addressed, the application of miRNA-based therapeutics is likely to be restricted to those tissues that are amenable to topical administration including liver (after intravenous injection), lung, eye, vagina and skin.
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